This paper examines the dynamic interlinkages between the two pillars of ambidexterity in universities, research and knowledge transfer. We propose a theoretical model linking these two pillars at the organisational level. The model is tested using the longitudinal HE-BCI survey data juxtaposed against two consecutive rounds of research evaluation in the UK higher education sector. Results indicate that a university's past performance along the research pillar strengthens the knowledge transfer pillar over time, through both commercialisation and academic engagement channels. This positive impact is negatively moderated by the university's size and reputation, in the sense that in larger or more reputed universities, the marginal impact of research on knowledge transfer declines significantly. Additionally, we find that knowledge transfer reinforces the research pillar through positive mediation between past and future research, but only through academic engagement channels. The results also indicate that contract research routes provide the maximum benefit for most universities in enhancing their ambidexterity framework, both in the short and the long run. For the relatively more reputed universities, it is the collaboration route which provides the maximum benefit. Interestingly, no such reinforcement could be detected in the case of the research commercialisation channels.
INTRODUCTION
Universities have traditionally been conceptualised as centres of learning and creation of new knowledge, driven primarily by the traditional Mertonian norms of fundamental research and education (Dasgupta and David, 1994) . However, over the last few decades, this traditional viewpoint has undergone a slow but sure change, with centres of higher education now being increasingly viewed as a key player in the entrepreneurial and innovation ecosystem within the broader economy. One of the key reasons behind this is the paradigm shift in the economic, social and technological climate that universities operate within, the challenges they face and consequent change in focus (Siegel and Wright, 2015) . Recently, universities in many countries have faced financial constraints (Bhattacharya, 2006) , which have motivated them to explore alternative models of funding research -most notably through increased interactions with industry (Curi et.al., 2012; Deiaco et.all, 2009 ). Individual researchers have had to adapt in response to the organizational changes as well, and to increasing emphasis on impact in research funding and career progression (Hughes and Kitson, 2012) .
The shifting paradigm in the environment has led universities to adapt both structurally and strategically. Strategically, universities are increasingly focussing on their "third mission" activities, in parallel to research and education. This refers to all activities involving "generation, use, application and exploitation of knowledge and other university capabilities outside the academic environment" (Molas-Gallart et.al., 2002) . While this includes a number of parallel strands of activities, "knowledge transfer" to the private and public sectors account for a significant proportion of income generation for the higher education sector (Rosli and Rossi, 2016) . Consequently, the structural response has been led through the creation of specialised organisational subunits dedicated to managing these knowledge transfer activities with industry and other practitioners. Referred to as Knowledge Transfer Offices or KTOs, these act as an interface between researchers and research users by establishing procedures and infrastructure in place for taking research to its users (Bercovitz et.al., 2001) . These shifts in the higher education sector are increasingly being examined in the light of what has been referred to as "ambidexterity" in the organisational literature (Ambos et.al., 2008; Chang et.al., 2009; Chang et.al., 2016 ).
Ambidexterity as a concept has its antecedents in the traditional organisational literature (Duncan, 1976; Tushman and O'Reilly, 1996; Tushman and O'Reilly, 1997) . In general, ambidexterity in an innovative organisation refers to its ability to develop structures and processes, which allows them to carry our both "exploitation" and "exploration" activities sequentially or simultaneously -either at an individual or at an organisational level (Raisch et.al., 2009 ). In the context of a university, ambidexterity refers to its ability to carry out parallel activities outside its traditional one centred around research and education, typically those lying in the realm of commerce and engagement with practitioners (Ambos et.al., 2008) . In essence, it conceptualises universities to be standing on two pillars -one which provides the foundation for its traditional role as a centre of education and research (Dasgupta and David, 1994) , and the other provides the foundation for its third mission activities encompassing knowledge transfer and other forms of engagement with non-academic stakeholders (Etzkowitz, 2003) . The primary purpose of this paper is to explore the relationship between these two pillars at the organisational level, and uncover the mechanisms through which the two interact and possibly feedback on each other. We explore the consequences of these interactions on a university's evolution using an inter-temporal model and explore the implications for universities and the higher education sector.
It is important to uncover how the practice of ambidexterity impacts a university's core performance in its key missions, especially given the recent shifts in the higher education sector (Martin, 2012) . Facing increased competition and institutional pressures, knowledge transfer is no longer the preserve of a few universities or a handful of researchers, but is becoming common across the board (SanchezBarrioluengo et.al., 2014) . Universities are increasingly being viewed as "entrepreneurial", who can use the knowledge created internally to pursue commercial objectives based on sound financial considerations (Lockett et.al., 2015; Siegel and Wright, 2015) . In fact, such dual arrangements in the form of KTOs and associated institutional processes have become ubiquitous (Perkmann et.al., 2013) .
While the effect of being an ambidextrous organisation has been seen to positively impact knowledge transfer (Ambos et.al., 2008; Chang et.al., 2016) , the implications of ambidexterity on research and knowledge transfer activities, and more specifically on the dynamic interlinkages between the two are yet unexplored.
Universities have almost universally incorporated ambidexterity within their strategic and structural framework, but still remain extremely heterogeneous in actually reaping its benefits (Geuna and Nesta, 2006; Hewitt-Dundas, 2012; Kitagawa et.al., 2016; Sanchez-Barrioluengo, 2014) . Previous research finds a degree of correlation in the research performance and performance along various routes of knowledge transfer (Hewitt-Dundas, 2012; O'Shea et.al., 2005; Valdivia, 2013) , although the mechanisms behind it are unclear at the level of an organisation. This paper attempts to uncover these mechanisms by addressing the following questions. First, how do the pillars of ambidexterity interact with each other over time? Specifically, what are the dynamic inter-linkages and the nature of feedback between activities which underpin ambidexterity in a university? Secondly, is there any evidence of path dependence in these pillars? In particular, is the connection between these pillars dependent on university level factors, such as size or reputation?
The tensions between the two pillars of ambidexterity are clear conceptually -research at its heart is a public good (Dasgupta and David, 1994) , whereas engagement with non-academic stakeholders involves private ownership of knowledge (Etzkowitz et.al., 2000) . In practice, this leads to conflicts in terms of the nature of research -blue sky versus applied (D'Este and Perkmann, 2011) -and in terms of time frames for disclosure -academic researchers wishing to disseminate research freely while practitioners may wish for secrecy and control (Dasgupta and David, 1994; Chang et.al., 2016) . These tensions become apparent, not just for an individual researcher, but also for departments and very crucially, for the university itself -given the finite availability of resources and capabilities.
To resolve this tension, it is important to uncover the underlying mechanisms of how new research links into new knowledge transfer opportunities, and vice versa. Ambos et.al. (2008) show that organisational ambidexterity leads to greater likelihood of knowledge transfer overall. In a recent study by Chang et.al. (2016) , the authors link individual and departmental ambidexterity to commercial performance. Our contribution lies in understanding the nature of the link between research and knowledge transfer at the organisational level. In doing so, we extend the literature in a number of directions. First of all, we examine the intertemporal nature of this relationship, which has been largely ignored in the literature.
Second, we attempt to link this relationship to organisational characteristics to uncover the nature of path dependence (if any) in a university's ambidexterity framework. Finally, we focus on this relationship at the organisational level, without limiting ourselves to specific disciplines, individual capabilities or specific channels of interaction. This paper makes a theoretical contribution towards understanding these mechanisms by establishing directional links between research and knowledge transfer, accounting for the fact that these activities may happen at different points in time. Empirical support for the theoretical model is made using data from the UK, which is suitable for two primary reasons. Universities in the UK have not been subjected to high profile Bayh-Dole type of legislations, as seen in the US and many other countries, and which has resulted in a more organic evolution of the sector.
1 Additionally, UK is one of the few countries where publicly available university level data sets are available going back several years, enabling researchers to examine these organisations, their operations and evolution in detail.
The rest of the paper is organized as follows. In the following section, we discuss the existing literature on the topic and identify the gaps therein to motivate our study. Here we also present the hypotheses on which our study is based along and the theoretical model which we attempt to establish. In Section 3, we present the overall empirical design of our study, discuss the data sets used and the methodology employed. This is followed by a discussion of the results in Section 4. Finally, Section 5 concludes with a discussion and policy implications.
1 The United States was the pioneer in creating an institutional framework to facilitate university-industry knowledge transfer through the enactment of the Bayh-Dole Act of 1980 that focused exclusively on a formal intellectual property (IP) driven channel. While there has been a rise in university patenting in the U.S. following the legislation (Mowery and Sampat, 2005) , whether this could be attributed to the creation of the Act itself have been hotly debated (Henderson et.al., 1998; Mowery et. al., 2001; Thursby and Thursby, 2002) .
BACKGROUND AND THEORY DEVELOPMENT

Twin pillars of ambidexterity
As a concept, ambidexterity refers to an organisation's ability to carry out its core functions while at the same time build capacity to carry out tasks outside its core capabilities in order to enhance performance, and has been widely applied in the organisational literature (Cao et.al., 2009; Raisch et.al., 2009; Tushman and O'Reilly, 1997) . Ambidexterity in a university context, implies that it should be able to build capabilities and incorporate processes which encourage and enhance its third mission activities (knowledge exploitation), while simultaneously maintaining its focus on fundamental research (knowledge creation). It is increasingly being seen as a key factor for success in knowledge transfer for individual researchers (Boehm and Hogan, 2014; Markides, 2007) , for departments (Chang et.al., 2016) , as well as for the university (Ambos et.al., 2008) .
Knowledge transfer is one of the key processes through which universities carry out its third mission activities (Rosli and Rossi, 2015) . Knowledge transfer is not a single homogenous concept, but can occur through a number of routes, both formal and informal. The Bayh-Dole Act of 1980 in the US was a pioneering step in formalising knowledge transfer through the IP driven routes -such as patents, licenses and spin outs -referred to as "research commercialisation" in the literature (Perkmann et.al., 2013; Thursby and Thursby, 2002) . A large number of countries followed this model, and whether directly or indirectly, influenced the spread of KTOs in universities across many countries (Bercovitz et.al., 2001; Ray and Saha, 2011) . Although not subjected to a similar legislation, universities in the UK followed this pattern as well and started establishing KTOs, which became the organisational sub-units acting as the interface between researchers and users of research. To begin with, these KTOs largely concentrated on these IP driven commercialisation routes for bringing research closer to its users, but over recent years has increasingly explored other means as well.
In fact, extant research shows that the focus of university industry linkages has shifted from this unidirectional "research commercialisation" model to a bi-directional "academic engagement" model (Perkmann et.al., 2011; Perkmann et.al., 2013; Rossi and Rosli, 2013) , where universities and industries (and others) are co-creators of research (Roux et.al., 2006) . Such engagement can occur through a number of complementary channels, with the most popular ones being contract research, collaborative research and consulting. A number of studies (for example, Andersen and Rossi, 2011; Bruneel et.al., 2010; Perkmann and Walsh, 2008; Perkmann and Walsh, 2009; Phan and Siegel, 2006; Rosli and Rossi, 2016) have emphasized the multiplicity of channels and explored its implications. Henceforth, we use a similar terminology in this paper to distinguish between the two categories of knowledge transfer: the research commercialisation channel -encompassing, patents, licensing, university spin outs etc. -and academic engagement channels, which includes contract research, collaborative research and consultancies. The term "knowledge transfer" is used to collectively refer to all commercialisation and academic engagement channels.
Ambidexterity as a theoretical framework does not explicitly distinguish between multiple channels of knowledge transfer, although related literature has largely focussed more on commercialisation activities (Chang et.al., 2009; Chang et.al., 2016) . However, the availability of a multiplicity of channels, including academic engagement alternatives, can have implications for universities.
Universities have been shown to be heterogeneous in many respects, including research breadth and specialisation. Hence, prioritising certain channels over others -especially between research commercialisation and academic engagement -is an important consideration for any university (Rossi and Rosli, 2013) . In fact, it has been shown that universities do explore alternative paradigms of knowledge transfer and are willing to evolve with time (Sharifi et.al., 2013; Locket et.al., 2015) . Given the availability of alternative pathways, and the inherent heterogeneity amongst the universities themselves, it could imply that different universities adopt different pathways of knowledge transfer, depending on local university level contextual factors (Sengupta and Ray, 2017) .
From the university's own perspective, the twin pillars underlying ambidexterity (research and knowledge transfer) do not automatically translate into "new business". A long term view and appropriate resources also need to be in place for research to be "translated" and transferred to potential users (Hughes and Kitson, 2012) . This can create pressures and conflicts when it comes to resource allocation and internal policy regarding the direction a university wishes to take. Given finite resources, universities could face a difficult choice in resource allocation between meeting the relatively short term objectives of knowledge transfer versus the longer-term research objectives (Dasgupta and David, 1994) . And even if a new piece of research or technology has commercial potential, it usually requires additional time and resources to be invested for translation into a proof of concept which is acceptable by its final users (Hughes and Kitson, 2012) . Hence it is crucial that the underlying inter-temporal links between research and knowledge transfer is uncovered to explore whether these tensions persist over time.
The literature has examined this link to quite a large extent, but results remain ambiguous.
Conventionally, it may appear that research output (in the traditional form of academic publications)
would have an inverse relationship with industry engagement, given the tensions between the norms driving fundamental research and applied research relevant (Dasgupta and David, 1994) and the fact that resources of universities are finite. Yet, previous studies do indicate that research and knowledge transfer levels are positive related (Dutrénit et.al., 2010; Lee, 2000; Walsh, 2009, Perkmann et.al., 2011) . Let us examine this in further detail.
On an individual researcher level, academic seniority and success seem to be positively related to both commercialisation and academic engagement. For instance, Bozeman and Gaughan (2007) , D'Este and Perkmann (2011), Gulbrandsen and Smeby (2005) , Haeussler and Colyvas (2011) , all indicate that more senior and/or more productive (in terms of research output) are more likely to engage in commercialisation and engagement activities. Perkmann and Walsh (2009) show that research output may differ in nature yet maintain a high quality if it arises out of industry collaborations.
In contrast to the above findings based on individual researchers, the link between organisational research quality and some forms of knowledge transfer activities -typically academic engagement -is often contradictory (Perkmann et.al., 2013) . For instance, D'Este and Patel (2007), found a negative relationship at the organizational level between the two, although overall the impact of organizational characteristics is weaker than individual characteristics (which have a positive impact). In contrast, Wright et.al. (2008) show that it is not just the top level universities, but mid-level research universities can successfully engage with industry as well, although they face greater constraints. And Perkmann et.al. (2011) , uses organization level data to show academic quality is positively related to academic engagement in selected disciplines, but could possibly negative in some others. This ambiguity in findings is indeed surprising, given that academic engagement is ultimately driven through knowledge creation in partnership with external stakeholders (Roux et.al., 2006) .
On the other hand, the relationship between organizational research performance and commercialisation has been found to be largely positive (O'Shea et.al., 2005; Perkmann et.al., 2013) . Interestingly , Crespi et.al. (2011) find that academic patenting and research are complements up to a certain level of patent output, after which they become substitutes. The source of this substitution effect has usually been attributed to re-orientation of research agendas towards a more "applied" focus (Florida and Cohen, 1999) and to the tendency of enclosing research output within closed boundaries (Hane, 1999) .
Thus, the relationship between research and knowledge transfer, particularly the academic engagement component, remains unclear at the organisational level. At the same time, it is difficult to conceptualise that new knowledge transfer arrangements can be consistently and sustainably carried out in a vacuum or without new scientific breakthroughs acting as the base for new collaborative research with nonacademic stakeholders.
The role of time
We predict that these contradictions can be explained if we consider that it takes time (and other resources) to translate a piece of research output into a form suitable for practical use (Hughes and Kitson, 2012) . This is where the knowledge transfer pillar of ambidexterity becomes key, as they provide the relevant support and the infrastructure (such as KTOs and staff dedicated to knowledge transfer) for this translation to take place (Ambos et.al., 2008; Belenzon and Schankerman, 2009, Chapple et.al., 2005; Sharifi et.al., 2013) . This is especially relevant at the level of the organisation, as an appropriate "ecosystem" of knowledge creation and transfer may become necessary for research to flow through the appropriate channels sustainably (Roux et.al., 2006) . This points towards "time" as being an important input into how basic research (or a portion of it) gets converted into knowledge transfer outcomes, and which has been missing in the extant literature.
Let us now explore the role of time as an element in this relationship in more detail. Academic research outputs usually take very standard forms -for instance journal articles, books, manuscripts, dissertations etc. Not all outputs are considered to be of equal "value" in terms of quality or contribution to specific fields of research, and discipline specific standards of judging the quality of output do exist (such as the widely accepted journal and publisher rankings based on citation metrics and impact factors). It is generally accepted that individual researchers, departments, and universities who are able to attain higher quality scores through their associated research outputs are able to reap the rewards of recognition and reputation that are forthcoming as a result. At the organisational level, it is not just quality, but the overall quantity, intensity and variety of research areas that are also associated with overall reputational impact.
It is our contention that the relationship between research output (both quality and quantity) and knowledge transfer needs to take the temporal dimension into account. Previous sector studies have
shown that there is a significant lag between the point in time when a set of research results are finalised and that at which it is put into practise, given the complexities and delays involved in the "translation process" (Morris et.al., 2011) . For a university and its KTO, such delays may arise in the natural process of finding a "buyer" for the research or in the process of managing relationships and negotiations, even when a buyer has been found (Hugh and Kitson, 2012) . Another factor which may delay the transfer process and that has recently gained attention, both in the literature and in policy circles, is the lack of resources within universities to carry out the "technology validation" process (Cartalos et.al., 2016) . This is often a key step in the knowledge transfer process, through which, a prototype technology is adapted for actual integration based on the user's needs (Landry et.al., 2007) . Finally, lack of resources within the KTO (Phan and Siegel, 2006) or lack of experience (Ambos et.al., 2008; O'Shea, 2005 ) with regard to particular research outputs may also result in a time lag between the production of research and its valorisation through knowledge transfer.
For all these reasons, examining the impact of research on knowledge transfer necessitates a dynamic approach over a static one. This leads us to hypothesize, that at the level of the university, the relationship between prior research and the various knowledge transfer channels is positive (H1).
H1: The research pillar of a university reinforces its knowledge transfer pillar over time, that is, past research output positively impacts future knowledge transfer activities.
Impact of university's size and reputation on ambidexterity
As organisations evolve and mature within an increasingly demanding environment, the need to develop specialised capabilities and infrastructure through which both exploitation and exploration activities can be sustained, becomes critical (Tushman and O'Reilly, 2002; Tushman and O'Reilly, 1996) .
Ambidextrous organisations, are able to reconcile contradictory structures, processes and aims successfully while carrying out both activities on an equal footing. For a university, this implies being able to use its traditional research outputs (publications, patents and any other university owned intellectual property) for conversion into commercial outputs for practitioners through knowledge transfer channels (Ambos et.al., 2008) . A large volume of literature has been devoted to the antecedents of organisational ambidexterity in general (O'Reilly and Tushman, 2013), we can identify some which are of relevance to universities in particular.
Firstly, studies have shown that ambidexterity is generally positively associated with performance Birkinshaw, 2004 and Han and Celly, 2008) . These studies have uncovered the relationship between ambidexterity and performance both at the organisation level as well as at individual levels.
However, the impact of ambidexterity on performance has been seen to be contingent on environmental factors -such as access to resources within uncertain or competitive environments (O'Reilly and Tushman, 2013). There is also some evidence to show that larger organisations are relatively more adept at implementing ambidexterity than smaller ones (O'Reilly and Tushman, 2013; Lubatkin et.al., 2006; Lin et.al., 2007) . And finally, some studies have been able to capture the evolution in ambidexterity over time, in terms of how organisations adapt (House and Price, 2009) or how they may fail in either exploitation or exploration or in both (Daneels, 2011) . These studies point towards organisational size or scale being associated with the ability to be ambidextrous. Ambos et.al. (2008) highlight the role that "reputation" or scientific excellence of the department and the university as a key factor in enhancing the likelihood of knowledge transfer. Studies have shown that greater reputation of scientific excellence is associated a higher degree of knowledge transfer (Perkmann et.al., 2013; Wright et.al., 2008) . At an organisational level, reputation of scientific excellence can be treated as a "non-rivalrous resource", which enables the universities to carry out commercial exploitation without compromising their research credentials (Ambos et.al., 2008) .
Hence in the case of universities, as they grow in size and in reputation, it is expected that their ability to be ambidextrous grows as well. On one hand, this naturally implies that research outputs are translated into knowledge transfer pathways more effectively and efficiently (Ambos et.al., 2008) . On the other, it also implies a higher degree of "path dependence" in each of the pillars of ambidexteritythat is, mature pillars of ambidexterity are able to operate with a certain degree of independence from each other. In fact, path dependence is increasingly being recognized within the organisational studies literature as a key factor which shapes organisational practises and behaviour over time (Sydow et.al., 2009 ).
Knowledge creation and management, technology growth and innovation, in general, have been known to exhibit path dependence, through complex intra and inter-organisational and social processes (Coombs and Hull, 1998; Ruttan, 1997; Zahara, 2008) . The case of a university is no exception, where reputed individuals, departments and the organisation itself, are able to benefit from a virtuous cyclegreater reputation attracts talented individuals and valuable resources, which in turn enhances their research reputation even further (Börner et.al., 2004; Mazloumian et.al., 2011; Petersen et.al., 2014) . A similar cyclical process is expected to occur within the knowledge transfer pillar as well, where past successes, experience and reputation aid in creating opportunities for knowledge transfer in the future at a greater rate than universities which do not benefit from similar scale or reputation (Levin and Cross, 2004; Santoro and Gopalkrishnan, 2000) . This may possibly arise as a result of greater experience and streamlined processes in KTOs (Ambos et.al., 2008; Siegel et.al., 2003) , better embedding of the organisation within stakeholder networks (Reagans and McEvily., 2003; Perez and Sánchez., 2003) or establishment of career pathways of individual researchers more exclusively focussed on knowledge transfer led research activities .
Howell and Annansingh (2013) show that knowledge generation and sharing is path dependent in the context of cultural differences between two universities in the UK, when one is within the "Russell Group" and the other outside it.
2 Extending Howell and Annansingh's (2013) argument, we posit that a degree of path dependence may be present in each pillar once they have attained a certain maturity.
As universities grow in size, and as their reputations are established more universally, both pillars of ambidexterity attain a degree of self-sufficiency. In other words, among larger and/or reputed universities, we would expect a weakening of the link between research and knowledge transfer outcomes, leading to greater structural separation between the two (Birkenshaw and Gibson, 2004) . This is expressed in the following hypothesis.
H2. Size and reputation of a university negatively moderate the link between past research and future knowledge transfer.
The size of the university is measurable quite reliably along a number of dimensions, such as number of staff employed, number of students graduating at various levels, the number of research active and teaching departments etc. Reputation is however is often subjective and may depend on the departments or disciplines being considered. In general, universities exhibit a high degree of variation in performance in terms of research (Geuna and Nesta, 2006; Hewitt-Dundas, 2012 ) and in knowledge transfer outcomes (Kitagawa et.al., 2016; Sanchez-Barrioluengo, 2014) . Various sector level studies indicate that this heterogeneity is in part explained by the Russell Group, the membership of which generally coincides with significant above-average performance across all core missions, including research and knowledge transfer (Hewitt-Dundas, 2012; Sengupta and Ray, 2017 and the rest along a number of dimensions. For the purpose of this paper, we consider the Russell Group membership as a proxy for organisational reputation.
[Insert Table 1 here]
Knowledge transfer as a mediator
Given an increasingly competitive and complex environment within the higher education sector, ambidexterity is increasingly becoming an essential capability for universities. However, given resource constraints that a university may face and conflicting priorities between its alternative missions (Ambos et.al., 2008; Dasgupta and David, 1994; West, 2008) , building an ambidexterity at an organisational level may be challenging, especially for smaller and medium scale universities (Bercovitz and Feldman, 2003; Markman et.al., 2005) . At the same time, a high degree of path dependence in research and innovation in organisations (Coombs and Hull, 1998; Ruttan, 1997) , can result in organisational resistance towards strengthening of the ambidexterity framework (Ambos et.al., 2008) . However, the scale of this trade-off or conflict may be mitigated to some extent if there exists a natural mechanism through which the pillars of ambidexterity may reinforce each other.
Previously, with regard to H1, we explored the possible mechanisms through which research output may directly impact knowledge transfer positively. In order to explore any possible feedback between research and knowledge transfer fully, we also have to ask if knowledge transfer in itself is able to reinforce research. Perkmann and Walsh (2009) , using qualitative techniques, show a positive impact of university-industry collaborations on the number of publications at the individual level within the engineering discipline, especially in collaborative research. At the same time, Dutrénit et.al. (2010) in a micro level study of researchers and firms in Mexico are able to show that researchers can extract intellectual benefits (new ideas for research, reputation, knowledge, inspiration) from both commercialisation and engagement activities. In the context of ambidexterity, Ambos et.al. (2008) indicate that this relationship is actually quite complex. While ambidextrous individuals do exist, and they are able to maintain high standards of research and commercial output, they are few and far between. In fact, they find that most individuals choose one of the two alternatives, and rarely both; and this choice depends on both the motivation and perceptions of individual researchers.
Hence it is unclear how ambidexterity (or the lack of it) at individual levels may impact on the relationship between current knowledge transfer activities and the overall research potential of the university, a question of key importance to both university management and policy makers. To the extent that each type of activity requires investment in a non-substitutable resource, there is a clear trade-off between investing in knowledge creation and knowledge transfer. However, previous research points towards directions through which knowledge transfer can play a mediating role in connecting past research output to future research output, at an organisational level.
In effect, that would mean that a part of the current research output is channelized through current knowledge transfer activity. This is quite apart from the direct impact of previous research through path dependence, as discussed above. While previous literature has shown that (academic) research collaborations play a mediating role in enhancing individual research productivity (Lee and Bozeman, 2005) , here the focus is on whether interactions with non-academic partners play a similar role at the university level. A number of mechanisms exist, through which this is possible.
Academic engagement activities such as collaborative and contract research, can and do lead to new knowledge creation at the same time (Perkmann and Walsh, 2008; Perkmann and Walsh, 2009; Schartinger et.al., 2002) . While it may directly lead to generation of new applied outputs such as patents (Agrawal, 2006) , it is also conceivable that more standard research outputs, such as academic publications may arise out these relationships as well (Salter and Martin, 2001 ). In fact, prior research points towards significant gains that individual researchers can appropriate from university-industry relationships -whether through an open innovation framework (Powell et.al., 1996) , or through joint research centres and other public-private partnerships (Macpherson and Ziolkowsky, 2005 ) -and hence may wish to sustain such relationships in the future (Perkmann and Walsh, 2009 ).
Hence we hypothesize that knowledge transfer plays a positive mediating role between research outputs produced at two different points in time.
H3: The relationship between past and current research output in a university is positively mediated by current levels of knowledge transfer.
The hypotheses presented above attempt to capture the dynamic relationship that exists between the two pillars of an ambidextrous university In effect, the analysis in this paper builds support for the conceptual model presented in Figure 1 , indicating the inter-temporal connection between research and knowledge transfer (H1), the impact of university level characteristics such as scale and reputation on this connection (H2), and the feedback between the two pillars (H3). 
EMPIRICAL DESIGN
Data Sources
Secondary data for the analysis has been obtained from multiple sources in the UK, with the Higher Education Business and Community Interaction (HE-BCI) surveys providing the bulk of it. The data is collected and maintained by the Higher Education Statistics Agency (HESA) in the UK. HESA also collects and makes available data on institution specific characteristics, which are used in our analysis. All variables used in our analysis are listed and described in -10, 2010-11 and 2011-12. 5 In order to discount yearly variations, we consider the average of these three years for these variables (except cumulative patent portfolio).
Additionally a set of knowledge transfer variables prior to the RAE 2008 is also used as controls. Once all datasets were combined and cleaned for missing values 6 , we ended up with 129 out of 159 degreeawarding and research active institutions of higher education in the UK (excluding further education colleges).
[Insert Table 2 We use the publication ranks and associated number of publications across all departments in a university to compute a department specific score of research output per university. The departmental scores are then aggregated to compute an overall university specific score. The formula for calculating a research output score for university can be summarized as:
where, is the number of active researchers in department , is the percentage of publications with rank , submitted for evaluation from department in university and is the total number of academic departments who have featured in the RAE and the REF submissions from university .
The above formula takes into account not just the number of articles published in ranked journals, but weighs the contribution of each publication with the relevant rank of the journal itself, as recognized in each evaluation round. It awards departments having larger number of active researchers but at the same time, a median measure (instead of a mean) ensures that the university level research scores are not 6 Majority of the missing observations are due to their unavailability in the RAE2008 and/or REF2014 datasets. Not all institutions submitted to these evaluation exercises, and in some cases institutions merged in the intervening years. 
Measures of Knowledge Transfer
Research commercialisation and academic engagement performance is measured using incomes from each of the relevant channels within these categories, as reported in the HE-BCI dataset. The data that There are two issues to note regarding measures of knowledge transfer used in the data. First, the HE-BCI data also provides the equivalent number of contractual agreements under licensing, contract research and consulting. However, this is not included for collaborative research, for which only the income is provided. Hence, we use the incomes from each channel as a measure of the volume of activity in each, which indicates the "value" of each channel to each university, and to a lesser extent, the "volume". Secondly, knowledge transfer activity from 2009 to 2012 overlaps with research output from REF 2014 to some extent (see section 3.1.1 above). 
Models
The empirical models used in the analysis are designed to test the hypotheses H1-H3, using a set of independent reduced form equations. Hypotheses H1and H2 is tested using a set of channel specific independent regression equations as expressed in (1). For any given channel {IP, Contracts, Collaborations, Consulting}, represents channel specific income (or its transformation) at time .
represents the explanatory variables including past research output , income from research grants, and indicators of success in commercialisation such as patents and license. represents university specific control variables, represents the appropriate interaction terms and represents the equation specific random errors.
log (1)
The magnitude, sign and significance of the coefficient of indicates the validity of H1, in a straightforward manner. To test H2, we examine the coefficients of the interaction terms, where the interactions involved are between and two other control variables -average staff size and the Russell group membership dummy. The interaction term measures the moderation effect of a university's scale of operations 10 and the interaction term measures the same for Russell group membership. The overall impact of the moderation can be examined through the net marginal effect of on the dependent variables, and these are represented graphically in the presentation of the results.
In order to test H3, we first estimate equation (2).
log (2)
The coefficient in (2) measures the path dependence in research output and 's represent the net association between the channel specific knowledge transfer incomes measured in time and the research output in the same period. We then carry out causal mediation analysis along the lines of Barron and Kenny (1986) and Imai et.al. (2010) , for each knowledge transfer channel. Quasi-Bayesian
Monte Carlo inference tests (Imai et.al., 2010) are used, with as the treatment, as the mediator, and 1000 simulation runs per knowledge transfer channel, to test the mediation effect specified in H3.
We label the set of models estimated using Equation (1) as Model 1, and the one estimated by Equation
(2) as Model 2.
Simultaneity and Endogeneity
The mutual correlations between the channel specific average incomes are significant and positive, with values approximately around the 0.5-0.6 range (Table 4) . Although these values are not too high, they do point towards a full structural model specification through the simultaneous equation approach, instead of the reduced form adopted here in Model 1. In the simultaneous approach all four equations are estimated jointly, whereas the reduced form specification adopted here assumes mutual independence between the channels. However, a fully structural simultaneous equation model not only requires the use of suitable exogenous variables and instruments for model identification, it also requires an underlying theoretical structure which can provide suitable constraints on the parameters to be estimated. This requires further theoretical development on the relationship among the knowledge transfer channels themselves, and is currently outside the scope of this work.
However we do carry out a validation of our reduced form specification, by estimating the system using the Seemingly Unrelated Regression Equations (SUR) approach, which allows for the regression errors to be correlated between themselves. We find that the regression estimates are numerically similar as the independent OLS estimates (as expected, given that the right sides of all four equations are identical) and more importantly, the significance of individual coefficients do not indicate major divergence from the OLS results. This does provide a reasonable support for the independence assumption.
Endogeneity issues cannot be completely ruled out in the independent equation specification adopted.
The lagged research output variable , ensures that endogeneity through reverse causality is minimized to a large extent. This is true for Model 1 where past research is the primary covariate of interest and to some extent in Model 2. However, unobserved university specific factors (such as, culture, strategy, experience of KTO personnel and other staff etc.) can still affect both sides of the equation, especially in Model 2, and which can result in endogeneity. The control variables account for some of this heterogeneity, but accounting for this form of endogeneity ideally requires a full panel of observations, which is beyond the scope of the data available to us.
[Insert Table 3 here] [Insert Table 4 here] Table 3 presents the list of dependent variables and covariates in Models 1 and 2, Table 4 [Insert Table 5 here]
RESULTS
Model 1
Estimates from Model 1 are presented in Table 5 . Two sets of estimates are provided for each channel -one includes the interaction of with size, and the other the interaction of with the Russell Group dummy. Our results indicate an unambiguous positive impact of academic research output on knowledge transfer across all channels at the university level. This can be seen in the positive and significant coefficients of across all knowledge transfer channels in Table 5 (Models 1a-d). Thus we are able to claim that the research pillar indeed reinforces the knowledge transfer pillar at the organisational level, in support of H1. In terms of magnitude, it is in the contract research route that past research output has the maximum impact, followed by in collaborations and commercialisation. The least impact of past research is seen in consultancies.
It is natural to expect knowledge transfer is positively influenced by past research output, given that research forms the knowledge base which is channelized into commercialisation and academic engagement. At the same time, results also indicate that this is not a uniform relationship across the whole range of the data, but that it is moderated by a university's size and reputation. We find evidence of a negative moderating effect of both controls on the relationship between a university's past research and its future knowledge transfer activities. This can be seen in the negative and significant coefficients of the interaction terms in Table 5 , which indicate a weakening of the link between past research and future knowledge transfer, and thus establishing H2. Figure 7 plots the impact of moderation of university's size (as measured by ) and Figure 8 shows the same for Russell Group membership. Figure 7 shows that, for organisations which are of larger size, the marginal impact of past research turns negative, for all channels. The pattern is similar for the reputation effect among the members of the Russell Group (Figure 8 ). In this case, the marginal impact of past research once again falls significantly, but turns negative only for commercialisation and contract research. The impact is negligible but positive for collaborative and consultancy routes.
These results imply that the research pillar strengthens the knowledge transfer pillar at the organisation level in case of both commercialisation and academic engagement, indicating complementarity between the two. However, the positive marginal effect of past research weakens significantly as universities grow in size and reputation, indicating a possible decoupling and substitutability between the pillars of ambidexterity. These patterns in the magnitude of the coefficients and in the moderation effects, have implications for university level strategy, when it comes to enhancing ambidexterity and we will come back to this point in the Discussion section later. Note that while actual past research is positively linked to commercialisation and academic engagement, related fundamental and applied research indicators do not show much significant impact on knowledge transfer. Only research grants (RC Income) are seen to positively impact income from collaborations, which is understandable given that collaborative income includes contribution of non-academic partner(s) in grant funded research projects. The number of new patents granted, the cumulative patent portfolio and active licenses held by an institution have no significant impact.
Moreover, the direct effect of average staff size is positive and significant, indicating a possible scale effect on knowledge transfer. Related to this is the Russell Group membership dummy, which captures the direct effect of reputation, although it appears weaker than the impact of size. Interestingly, among the past knowledge transfer income variables , none seem to have much impact on future income through the same channel. Among the other control variables, Facilities income, and to some extent CPD income, have positive association with knowledge transfer income. However, the age of the university has no bearing at all on any channel. These are potentially interesting findings with implications for ambidexterity within universities, which we discuss later. 
Model 2
Estimates for Model 2 are presented in Table 6 . The partial model (2a) estimates the impact of the control variables. When past research is introduced into the model (2b), its coefficient is seen to be positive and significant. This remains the same when the remaining covariates are introduced (2c) -indicating a degree of path dependence in research outcomes.
Among all knowledge transfer channels, only collaborations have a positive association with research output. Interestingly, the commercialisation channel is actually negatively associated with research, while contracts and consultancies do not seem to have any association. This is potentially an interesting finding, which we explore further in the Discussion section below. Among the control variables, we once again detect the scale effect of , but no association with the reputation effect (Russell Group) could be seen in the full model. Both CPD income and Facilities income are positively associated with research but once again, Age is not.
Model 1 indicated a positive impact of past research on current knowledge transfer, and the Model 2 estimates indicate an association of current research with some channels of current knowledge transfer.
This points towards a possible mediation role of the latter between past and present research, in support of H3. In order establish the magnitude and significance of the mediation, we carry out a causal mediation analysis using the Quasi-Bayesian Monte Carlo inference method (Imai et.al., 2010) , where is the input (treatment) variable, is the outcome variable, and the incomes across the four knowledge transfer channels are the proposed mediators. The channel specific equations in Model 1 and the full Model 2 are used for this analysis, with a 1000 simulation runs for each channel of knowledge transfer. Results are shown in Table 7 , where we report the estimated sizes of the average causal mediation effect (ACME) of the particular knowledge transfer channel, the average direct effect (ADE) of past research and total effect combining the two. The treatment condition is to change the value of from a value of 0 to 1, in order to explore the impact on the mediators and the outcome. Two separate set of tests are carried out -(a) on the full sample of 129 universities and (b) on the non-Russell Group universities only.
Two interesting results emerge from this analysis. First of all, it is only academic engagement (mainly collaborations and consulting) which exhibit a small but positive and significant mediation effect, whereas the mediation role played by IP driven commercialisation channels is actually negative.
Secondly, the exclusion of the Russell Group from the sample makes a difference in two ways -one, the (negative) role of commercialisation disappears and two, academic engagement mediates only via contracts replacing collaborations and consulting. However the size of this mediation through contracts is larger by a factor of 10 (although significant only at 10%).
It seems that there are more opportunities for academic engagement channels to mediate positively between past and present research, the actual strength of mediation seems to be stronger within the nonRussell Group universities. Once again, we see that the Russell Group exhibit a greater degree of structural separation between research and knowledge transfer, which reduces the overall presence of mediation effect within the sample. However, once the Russell Group are excluded in the sub-sample, the importance of knowledge transfer as an effective mediator between past and future research increases significantly, and the channel of choice is contract research.
Hence we are able to establish H3, but only with respect to academic engagement channels, but not for the research commercialisation channel.
[Insert Table 6 here]
[Insert Table 7 here] Ambos et.al. (2008) explore the inherent tensions that exist between the research and commercial aims of a university, and show how ambidexterity at both organisational and individual levels can be used to resolve these. They show that the presence of a KTO, its experience and breadth of support are key factors are key predictors of commercial outcomes. Chang et.al. (2016) examine ambidexterity at the level of an individual and the department, and explore the positive role played by the department in enhancing research and commercialisation outcomes at individual levels, and at the same time show that university level characteristics may affect ambidexterity at both researcher and departmental levels.
DISCUSSION AND CONCLUSION
This paper explored ambidexterity at the organisational level and uncovered key dynamic inter-linkages between its pillars, providing an explanation of the mechanisms underpinning these linkages from the university's perspective.
We found that past research output has a net positive impact on knowledge transfer outcomes at the organisational level (H1). However, the marginal impact of research on both commercialisation and academic engagement channels depend on the university's scale and reputation, which is dampened for universities which are larger in size and/or particularly reputed within the sector (such as the Russell Group in the UK). This dampening effect was found to be significant and large, to the extent that the marginal impact of research becomes negative in most cases (H2). In effect, this points towards a greater structural separation of the two pillars once the university has attained a degree of maturity, as indicated through size and reputation.
It is interesting to examine the magnitude of the main coefficients of in Model 1. As we saw above, for the whole sample, the coefficient is the largest for contract research, followed by collaborations, commercialisation and finally consultancies. From the point of view of a new piece of research or technology produced in a university, this implies that this marginal unit of research output has the highest likelihood of being transferred to practitioners through the contract research route, followed by collaborations, commercialisation and finally consultancies. From the university's point of view, this implies that contract research provides the best opportunity to strengthen its ambidexterity framework in a relatively short time frame, followed by others in the order above. For KTOs and staff directly involved in knowledge transfer in a university, this has implications on what type of contracts are prioritised and negotiated in the short term. Prioritising the contract research route could present a relatively easier short term option to enhance the organisation level knowledge transfer outcomes for a given research base. The results are somewhat different for elite universities such as those in the Russell Group -wherein collaborations are the preferred route.
To identify the appropriate model of knowledge transfer from a longer term strategic view, one must consider its role in enhancing research as well. Channels that positively reinforce research will create a virtuous cycle -a large research base leads to greater knowledge transfer, some of which, in turn further augments the research base and so on. We find a significant effect of academic engagement channels in positively mediating between research outcomes from two different points in time (H3). This is understandable given that, academic engagement, especially collaborations and contracts, involves some element of new knowledge creation. It is also possible that the income earned through academic engagement is then ploughed back into creating additional or enhanced research capacity, which impacts research output at a later date positively. It is however, the differences in the mediation effect of each channel (within academic engagement) that has implications for universities in the longer run.
When elite universities are excluded from the sample (in this case the Russell Group), it appears that contract research is once again the channel of choice in enhancing the ambidexterity framework of a university in the longer run. However, when considering the whole sample, collaborations and consultancies, rather than contract research, which have a positive role in enhancing research outcomes, although the strength of this positive mediation is lower. It appears that it is the Russell Group which is driving this result for the whole sample, and the weakening of the mediation effect is due to the decoupling of the pillars of ambidexterity.
Turning to commercialisation, the findings are somewhat different. Past research is positively linked to income from commercialisation. However, patents and licenses are the primary medium through which IP is commercialised and it is indeed surprising that these do not affect IP income at the level of the university. The most likely explanation for this is that a large proportion of the IP income is being sourced from a few "big winners", i.e. technologies which are responsible for the bulk of the income either through royalties or sale of spin out companies. In the absence of license specific data from universities (which is generally not published), the best indicator of this lies in the distributions of the average number of licenses and average IP income per license, both of which are highly skewed towards zero ( Figure 5 ). Interestingly, we find no evidence of a positive mediation effect of commercialisation on research, rather a negative effect when the Russell Group is included in the sample. This seems to suggest that some of these universities might have accumulated a large volume of non-performing intellectual property assets, useful neither for commercialisation nor for research. Our results confirm that universities may need to re-examine their commercialisation and entrepreneurial strategies in the future, (Geuna and Nesta, 2006; Siegel and Wright, 2015) .
As mentioned earlier, the mediation impact found in our analysis is limited by the concurrent nature of knowledge transfer and the second round of research assessment outcomes in our data set. Ideally, one would require a third round of research assessment ( ) to fully uncover the feedback mechanisms and establish whether there is a direct effect (positive or negative) of knowledge transfer on research as well. However, the findings above do indicate that universities can choose to optimize their effort in certain directions, both in the short run and in the longer run.
Thus, when examined in the context of an ambidextrous university, our results provide evidence of a dynamic positive feedback between the academic engagement component of the knowledge transfer pillar and the research pillar of a university. Results seem to suggest that the links between the two are bi-directional, enabling a virtuous cycle, particularly through the academic engagement route -although in the absence of a third round of research output data, we are unable to confirm a direct causal link knowledge transfer to research outputs. Within the scope of our models, we find the direct impact of past research on future research output is large and outweighs the indirect mediated effect of knowledge transfer channels. This also implies path dependence in the research pillar through serial correlation of future outcomes with the past.
It is interesting to note that while the research pillar exhibits path dependence directly through serial correlation between outputs produced at different points in time, the structural independence of the knowledge transfer pillar is somewhat different in character. There is hardly any dependence on past outcomes, given the largely non-significant coefficients of in Model 1, apart from contracts to a certain extent. Thus, while some universities are able to achieve a lesser degree of interdependence between the two, the way that research and knowledge transfer proceeds thereafter within the institution are probably quite different. This is an interesting finding and warrants further research into the mechanisms driving the differences in the nature of independence in the two pillars.
The results presented in this paper have an important bearing on how universities may develop and maintain ambidexterity as a matter of policy. While tensions between the two pillars of ambidexterity (Dasgupta and David, 1998) could still be present at all levels (individual, department etc.), our results
show that universities need not be overly concerned about outcomes in the short or medium terms. We see evidence of a virtuous cycle between the two within a relatively short time frame of 6 years in the data. It is only in the case of IP driven commercialisation routes that this virtuous cycle seems to be missing, and in fact, indicates a negative impact of these channels in some cases.
Additionally, the effect of university specific control variables in the models is interesting in itself.
Generally CPD and Facilities incomes show a positive association with both overall levels of knowledge transfer income (Model 1) and research output (Model 2). The first is in line with previous literature (Hewitt-Dundas, 2012) , and indicates that linkages with industry forged through executive education and use of facilities and equipment can actually enhance income from overall knowledge transfer activities as well. However, it is also interesting to note that research output shows a positive association with income from these sources, even when controlled for past research. This is indeed a surprising result, and points towards new directions of enquiry on the longer term impact of liaison between universities and industry through alternative channels which do not involve knowledge transfer. Finally, we find that the age of the university has no bearing on its capacity to be ambidextrous, although size and reputation do. All of the above, point towards specific policy prescriptions for universities aiming to enhance their capability to be ambidextrous.
Consider the hypothetical situation of a university needing to make a policy decision on where to invest a unit of resource "at the margin", and the choices being, building research capability or investment into the growth of its knowledge transfer capacity. Our findings suggest that for most universities in the low to medium size range, and who are not at top in a reputation scale as an organisation, the priority should be in research. Once a research base has been created, contract research and to a lesser extent collaborative research, provide the most effective routes for strengthening their ambidexterity framework. Of course knowledge transfer framework and structures should be already in place (such as KTOs, trained personnel, suitable incentive schemes etc.), and is a necessary component in an ambidextrous university. However, they will benefit more in the long run if the investment of the marginal unit of resource is used to strengthen the research pillar rather than the knowledge transfer one. This prioritisation is significantly weakened for larger and/or reputed organisations, and the investment in either of these two pillars should be driven more by contextual factors. At the same time, investment in enhancing CPD offerings and in forging links with practitioners through use of facilities and equipment can also prove beneficial.
When it comes to a choice of choice of channels, it is contract research and collaborations which are the main drivers of the virtuous cycle between research and knowledge transfer. This is true across the sector, although the most effective channel depends on the size and reputation of the organisation.
Combined with the previous point, this indicates that, within universities where the two pillars have decoupled to a greater degree, collaborative research actually acts as a bridge between the two, which contract research (given its more applied nature) is unable to achieve. This result indicates that while building up a robust portfolio of contracts and collaborations is the key towards raising the overall profile of a university.
In conclusion, this paper provides an understanding of the key mechanisms that drive the linkages between research and knowledge transfer, the two pillars of organisational ambidexterity in a university.
We not only stress on the temporal element in this relationship, we also show how organisational antecedents of ambidexterity directly impact this relationship. Although, constraints on the data available currently limits our ability to fully uncover the temporal linkages, results point towards specific strategies which universities can adopt in their attempt to strengthen their ability to be ambidextrous organisations. Tables   Table 1: 
